Data on ABO blood groups of 4,464,349 Japanese individuals were collected from prefectural health departments, health centers, and Red Cross blood centers in the whole country. Phenotypic and gene frequencies for each subpopulation were calculated and tabulated.
INTRODUCTION
Country-wide distribution of ABO blood groups in Japan was studied first by Furuhata (1933) on more than four hundreds thousands individuals. In 1940, Kobayasi cited ABO data on 530 thousands Japanese individuals from 261 references published during the period from 1922 to 1939 and tabulated frequencies of the phenotypes and alleles in all of 47 prefectures. Similar studies were carried out by Tanaka (1959) , Nei and Imaizumi (1966) , and Akaishi and Kudo (1975) , compiling so far accessible data. These studies except Furuhata's one (1933) were based upon numerous sources obtained during periods as long as 18 to 50 years or more.
Recently extensive data on ABO blood groups became available at health centers, Red Cross blood centers, and prefectural health departments in the whole country. These data were collected, analyzed and presented in this communication.
MATERIALS AND METHODS
In September 1973, a letter was sent addressed to the health department of each prefecture except Okinawa, requesting data on ABO and Rh blood groups accumulated at the health centers under the health department. Health departments of 12 prefectures responded to the request. Subsequently, a similar letter was sent to each health center of all other prefectures. Thus, ABO data for more than 500 health centers, in total, were obtained. In several prefectures, such data were available at Red Cross blood centers to which the blood typing was entirely or partly entrusted.
In Kagoshima Prefecture, data on 376,515 high school students in the main island of Kyushu obtained through Prof. Tetuo Zyo and data on 12,336 individuals obtained from 3 health centers in isolated islands were used for the present analyses.
All the materials were blood-typed during the period from April 1964 to March 1975 inclusive, mostly from April 1970 to March 1973 Most data were classified by the health centers where the blood typing was carried out. In Metropolis Tokyo, data from two or more health centers located in each of ku-districts were combined. Data from Nara Prefecture had been classified by residences of the testees.
Data from all the Red Cross blood centers and those from some prefectural health departments gave only the total of the prefecture. In Fukushima Prefecture, all blood typing were carried out at the Red Cross blood centers, and thus, distribution of blood groups at various districts in the prefecture was unknown.
Thus, ABO data on 4,464,349 individuals were divided into 46 prefectures, and data on 3,292,766 individuals of the total were divided into 523 subpopulations by health center or district.
In Figs. 6-14 in Appendix, health centers are shown by open circles or x according to whether the ABO data were available or not at there, and centers of ku-districts in Tokyo or local centers of regions in Nara and Kagoshima Prefectures are shown by open squares.
Frequencies of phenotypes and alleles of ABO blood groups, and Z ~ values for the deviation from expectation of the random distribution were calculated for (1) data of each health center or district, (2) total of data from all health centers or districts in each prefecture, (3) data from each prefectural department, (4) data from Red Cross blood centers in each prefecture, and (5) grand total of data in each prefecture.
The frequencies of ABO alleles were estimated using following formulas; These values for Data (5), i.e. grand total of each prefecture are summarized in Table 1 and Fig. 2 (an equilateral triangle), and Data (1) to (4) are listed in Appendix.
RESULTS
Phenotypic frequencies of ABO blood groups in the whole country are 29.25~ O, 38.65~ A, 22.15~ B, and 9.95~ AB. Gene frequencies are estimated to be p(IA)=0.2833, q(IB)=0.t759, and r(I~ Table 1 and the equilateral triangle ( Fig. 2) indicate gradients of the gene frequencies, the I A allele being increased and I ~ and I ~ alleles being decreased from the northeast to the southwest. The distance of each prefecture capital from an arbitrary origin, Aomori, the northernmost of Honshu Island, was measured in 1,000 kilometers along the National Railroads. Hokkaido was excluded from this analysis, since nearly all of the present population of the island consist of relatively recent immigrants from all localities of Japan and their progenies. The relationships between the distances and frequencies of 1 A, U, and I ~ are shown in Figs. 3-5.
The correlation coefficients between the distance and the gene frequencies, 
DISCUSSION
The present analysis of the data on more than four million Japanese collected from the whole country showed the frequencies of ABO blood groups to be O: 29.25+0.02~, A: 38.65_0.02~o, B: 22.15+0.02~, and AB: 9.95+0.01~. These figures cannot be regarded as an exact representatives of the Japanese population, since the samples were, by no means, randomly chosen from various subpopulations which are different in the ABO frequencies from each other.
According to Furuhata (1933) 1) At least a part of these discrepancies may be only sampling errors.
2) There are some evidences that technical errors in blood typing were much more frequent before 10 years or earlier than in the recent days.
3) Since, data compiled by Kobayasi and by the present authors were not random samples from each subpopulation of the country, the differences in ABO distributions between the two data may be attributable partly to differences among localities where the samples were taken and the relative size of the samples. 4) Recent drastic migration had an important role in the changes of the ABO distribution. According to a report from the Statistic Bureau, ~ Ministry Office (1974), 2.5-4.1 ~ of Japanese population had migrated yearly beyond boundary of prefectures and other 3.2-4.0~ within prefecture during the period from 1950 to 1970. Immigration into great cities was most remarkable. The population of Metropolis Tokyo, for instance, has increased from 5.0 millions in 1947 to 11.7 millions in 1975, and more than a half of the increase was estimated to be immigrants from all over the country.
However, the migration has not changed the gradient of ABO distribution; that is, the regression coefficients of I A, I ~, and I ~ gene frequencies on the distances from Aomori are estimated to be 0.02498, --0.00610, and --0.01886 respectively, which reveal no signs of decrease from the estimates by Nei and Imaizumi (1966) , 0.0243, --0.0093, and --0.0150 respectively based upon data cited from literature published from 1922 to 1963, mostly prior to 1940. 5) A systematic decrease in group O may be resulted, at least, from increasing breakdown of isolates in Japan. If a population was composed of many subpopulations differing in the gene frequency from each other, frequency of homozygotes in the entire population may be expressed by where x~ and fi are the gene frequency and number of individuals in i-th subpopulation, V~ is the variance of x, and N is the total number of individuals in the entire population.
With the advance of the isolate breakdown, differences in the gene frequency among subpopulations tend to decrease resulting in Vx--,0. Thus, the frequency of group O, all homozygotes, may decrease, and those of A, B, and AB groups increased, since about 80~o, 87~ and 100~ of these groups, respectively, are heterozygotes in Japanese population. The effects of isolate breakdown on the distribution of ABO blood groups will be discussed in more detail elsewhere. 
